Uterine cancer is the fourth most common cancer in women in the UK, with approximately 7700 new diagnoses and 1700 deaths annually.
INTRODUCTION
Uterine cancer is the fourth most common cancer in women in the UK, with approximately 7700 new diagnoses and 1700 deaths annually. 1 The incidence is slowly increasing, particularly in postmenopausal women. The cancer generally originates in the endometrium, although tumours of the uterine muscle and trophoblastic cancers also occur. Uterine cancer has different risk factors to cervical cancer, and may also have different symptoms, despite the cervix being anatomically part of the uterus. Five-year survival rates for uterine cancer have improved to more than 75%. 2 However, survival in the UK lags behind that in other European countries, with an estimated 100 additional uterine cancer deaths annually when compared to the European average, or 240 when compared to the highest European survival. 3 Other European countries have reported delay in diagnosis of uterine cancer. 4, 5 There is no screening available for uterine cancer (in contrast to cervical cancer), so recognition of the cancer depends on the woman having symptoms. In the UK, and in many other high-income countries, women with symptoms first report them to their family doctor or GP. However, at the level of an individual GP, uterine cancer is rare, so GPs build up little personal experience of diagnosing the condition. The full range of symptoms of uterine cancer has not been researched in primary care, although secondary care studies have highlighted the importance of postmenopausal bleeding. 6 One primary care study has examined this symptom, with 1.7% of women who described it developing a relevant cancer in the next 2 years. 7 Only two features of possible uterine cancer are reported in the influential National Institute for Health and Clinical Excellence (NICEnow the National Institute for Health and Care Excellence) Referral guidelines for suspected cancer (2005) -postmenopausal bleeding, and pelvic masses. 8 All these gynaecological cancer recommendations were based on grade C evidence or below. The proportion of women referred with such symptoms who transpire to have uterine cancer is below 10%, and improved guidance has been called for. 9 Furthermore, 34% of women with uterine cancer do not have one of these alarm symptoms, and suffer delays in diagnosis as a result. 5 Thus, both the sensitivity and the specificity of the advice in NICE guidance are relatively poor, with the low sensitivity perhaps contributing to the UK's poor record in uterine cancer mortality. The aim of this study was to identify the features of uterine cancer in primary care (where the clinical problem of selection of women for investigation exists) and to quantify the risk of cancer for these features.
METHOD

Data sources
This was a case-control study using data from the General Practice Research Database (GPRD; now the Clinical Practice Research Datalink) in the UK. The
Method
Putative features of uterine cancer were identified in the year before diagnosis, and odds ratios (ORs) calculated using conditional logistic regression. Positive predictive values (PPVs) were calculated for women who consulted.
Results
A total of 2732 women aged ≥40 years with uterine cancer between 2000 and 2009, and 9537 age-, sex-and practice-matched controls were selected from the General Practice Research Database. The median age at diagnosis was 67 years. Nine features were significantly associated with uterine cancer: postmenopausal bleeding (OR = 160; 95% confidence interval [CI] = 100 to 240), excessive vaginal bleeding (OR = 22; 95% CI = 12 to 42), irregular menstruation (OR = 42; 95% CI = 27 to -63), vaginal discharge (OR = 14; 95% CI = 10 to 21), haematuria (OR = 8.7; 95% CI = 5.0 to 15), abdominal pain (OR = 2.0; 95% CI = 1.4 to 2.8), low haemoglobin (OR = 2.1; 95% CI = 1.5 to 2.9), raised platelets (OR = 1.5; 95% CI = 1.0 to 2.3), and raised glucose (OR = 1.4; 95% CI = 1.1 to 1.8); all P<0.01, other than raised platelets, P = 0.05 and raised glucose, P = 0.02. In the year before diagnosis, 1725 (63%) cases had a record of abnormal vaginal bleeding compared to 135 (1%) controls. The PPV of uterine cancer with postmenopausal bleeding was 4%, and was higher in women with multiple or repeated symptoms.
Conclusion
This study confirms the importance of several features, particularly postmenopausal bleeding, for uterine cancer. Haematuria is an important risk marker. The results of this study may inform GPs in the selection of women for investigation and should assist the NICE in their update of GP referral guidance. GPRD maintains an anonymised copy of participating practices' medical records: these contain full information of the patient, including all consultations, recorded symptoms, investigations, and diagnoses. There are stringent checks on validation and data quality. 10, 11 Similar methods have been used previously for several cancer diagnostic studies.
12,13
Identification of cases and controls A list of 30 uterine tumour diagnostic codes (available from the authors) was collated from the GPRD master code library, all mapping to Read Codes within the B43..00 tree for uterine cancer. Codes relating to cervical cancer were omitted. All women aged ≥40 years with one of these codes, diagnosed between 1 January 2000 and 31 December 2009, were identified. Cases with <1 year of data meeting GPRD quality standards before the first diagnostic code were excluded. For each case, five controls, matched to the case by year of birth, sex, and practice, were randomly selected, using a computer-generated sequence. These stages were performed by GPRD staff. The date of the first cancer code in the records was taken to be the date of diagnosis; this was labelled the index date. The matched controls were assigned the index date of their case. The following exclusion criteria were applied: leiomyosarcoma (the GPRD had ascribed all leiomyosarcomas to uterine origin: as there are several possible sites for leiomyosarcomas, all were excluded, indeed some were in men); diagnosis before 1 January 2000; controls diagnosed with uterine cancer before the index date; metastatic cancer from a nonuterine primary cancer; women with a recorded hysterectomy before the index date; and women with no consultations in the year before the index date.
Women with a hysterectomy recorded >3 months before their first uterine cancer code were also excluded, as the date of diagnosis was unreliable; if the discrepancy was <3 months, the index date was taken to be the date of the hysterectomy.
Selection of possible features of uterine cancer
All symptoms, signs, or abnormal investigations previously recorded in the uterine cancer literature and cancer charity websites (full list available from authors) were studied. For simplicity, these are called 'features' from now on. The GPRD stores clinical information in just over 100 000 medcodes, each describing a facet of primary care, such as a symptom. There are several codes for each symptom, differing usually in a qualifier such as duration or severity, so generally containing more information than a specific Read Code. All the codes pertaining to individual symptoms were collated into single symptom libraries. All codes for fractures were also identified, as a test for any recording bias between cases and controls (making the assumption that the fracture rate would be approximately equal). Occurrences of symptoms in the year before the index date were identified. Features were only retained in the study if they occurred in ≥2% of the cases or controls (this was invariably cases). A list of plausible laboratory abnormalities was assembled a priori, using the literature and the authors' clinical knowledge. All abnormal laboratory results in the year before the index date were also identified, using the local laboratory's normal range, which is supplied with the data. Women without a test were considered to be equivalent to those with a normal result. Some abnormal tests were grouped: abnormal liver function was defined as the presence of any liver enzyme above the normal range. The variable 'raised inflammatory markers' was defined as a raised erythrocyte sedimentation rate, C-reactive protein, or plasma viscosity. These simplifications were necessary, as different localities in the UK contributing to the GPRD have different tests available.
Analysis
Analysis followed the methods used in several previous studies. 14 The main analytical method was conditional logistic regression. Analysis was carried out in three stages. First, univariable analysis was performed: any feature with P<0.1 was retained for the multivariate analysis.
How this fits in
Only postmenopausal bleeding and pelvic masses are recommended for urgent investigation in current National Institute for Health and Care Excellence (NICE) referral guidelines. Less than 10% of women referred with such symptoms transpire to have uterine cancer, and improved guidance has been called for. This study confirms the importance of several features, including haematuria as a significant risk marker. The results may help GPs in selection of women for investigation and should assist NICE in their update of GP referral guidance.
Multivariate conditional regression was then performed in stages, collecting similar features together, such as those indicating abnormal bleeding. This stage used a threshold value of P<0.05 for retention. The final model was derived from those features that survived the earlier staged regressions and used a threshold value of P<0.05. All rejected variables were checked again to establish whether they added information to the final model. As all 2732 cases analysed had consulted their GP in primary care but only 90% of controls had consulted during the study period, the posterior odds were divided by 0.90 to give predictive values for the consulting population. One subgroup analysis examined women aged ≥55 years, as a proxy for being postmenopausal, and for this analysis all abnormal menstrual bleeding variables were categorised as postmenopausal bleeding. Analyses were performed using Stata (version 11). Lastly, four clinically plausible interactions were tested.
Calculation of positive predictive values
Positive predictive values (PPVs) were estimated for features shown to be independently associated with uterine cancer in the multivariable analysis, using Bayes' theorem, whereby the posterior odds = the prior odds × the likelihood ratio. 15 The prior odds were calculated from the age-specific national incidence rate of uterine cancer for 2008. 16 This was repeated for pairs of symptoms and for second attendances with the same symptom.
As the number of cases in the GPRD was fixed, a power calculation was performed, rather than a sample size calculation. Three thousand cases and 10 000 controls (the initial estimates from the GPRD) provided 97% power (5% two-sided alpha) to detect a change in a rare variable from 2% in cases to 1% of controls. For a more common variable, the study had >95% power to detect a change in prevalence of 20% in cases to 17% in controls.
RESULTS
The GPRD provided a total of 18 841 women (3166 cases and 15 675 controls). Application of the exclusion criteria ( Figure  1 ) resulted in 12 269 eligible women (2732 cases and 9537 controls). The median age at diagnosis was 67 years (interquartile range = 59-75 years). The frequency of consultations is presented in Table 1 .
Clinical features
Twenty-five symptoms and 22 abnormal test results were studied initially. The frequency, univariable likelihood ratio, and multivariable odds ratio (OR) for features associated with uterine cancer are shown in Table 2 . Fractures were similar in cases (n = 39, 1.4%) and controls (n = 179, 1.9%), The ORs presented for the first or second time a symptom is reported to the GP compares to a patient who has not reported the presence of a symptom to their GP. All associations in the model have P<0.001, other than raised platelets, P = 0.049 and raised glucose, P = 0.016. In the year before the index date 14 (9 to 21), (n = 2732) 8 (4 to 14), (n = 9537) <0.001
Sarcoma (including males)
In the 6 months before the index date 9 (6 to 14), (n = 2732) 4 (2 to 8), (n = 8614) <0.001 IQR = interquartile range. P = 0.16; 2072 (76%) cases had at least one of the nine features from Table 2 recorded in their notes, compared to 1627 (17%) controls; and 1725 (63%) cases had a record of abnormal vaginal bleeding of any type compared to just 135 (1%) controls. An antagonistic interaction was identified only in the dataset of women aged ≥55 years; this interaction was between vaginal discharge and postmenopausal bleeding (interaction OR = 0.06, P = 0.002). Figure 2 shows the PPVs for uterine cancer for women aged ≥55 years reporting single, paired, or repeated symptoms to their GP.
DISCUSSION
Summary
This is the first study of the clinical features of uterine cancer in primary care. As expected, most of the symptoms reported from secondary care studies were also strongly associated with uterine cancer in primary care. However, the risk of uterine cancer with these features, other than postmenopausal bleeding, was relatively low, reflecting the rarity of uterine tumours and that many of the symptoms are common in benign conditions. The risk of an underlying uterine cancer was higher in women with multiple symptoms.
Strengths and limitations
This study is large, and uses primary care data. This is crucial: selection of women for investigation is performed by primary care, so primary care data must be used to study the selection process. The GPRD is the largest and most established of the longitudinal patient databases from primary care. It has been used in nearly 1000 research articles and its validity has been well documented. 10, 11, 17 The patient population in the database is also broadly representative of the UK population. Additionally, laboratory results are transmitted directly to the database, allowing the local normal range to be used to identify abnormal results, and avoiding transcription errors.
It was not possible to check the accuracy of diagnosis in the cases by histology, or to determine the staging. However, most cases had multiple records of a uterine neoplasm. It is unlikely that such a serious disease would be recorded incorrectly with any frequency. However, the most significant limitation is that the study had to rely upon accurate recording of symptoms by GPs. It was possible to identify all symptoms in the main field of the records, but some may be recorded in an inaccessible part of the GPRD; the so-called 'free-text' area. Encouragingly, a recent study of ovarian cancer identified relatively little hidden data in these fields. 18 However, when calculating likelihood ratios and PPVs, under-recording is only important if the proportion of underrecording is differentially higher in either cases or controls.
Comparison with existing literature
Women with uterine cancer attended their doctors roughly twice as often as controls; this excess is less extreme than seen in many other cancers, and mirrors data from the National Cancer Patient Experience Survey, where only 17.6% of women with uterine cancer reported consulting their GP at least three times before diagnosis. whereas this is not the case for some other cancers, such as ovarian cancer, with less characteristic symptoms. 20 Recent studies of secondary care clinics in the UK have reported that 5-6% of women with postmenopausal bleeding are diagnosed with endometrial carcinoma. 9, 21, 22 The risk for postmenopausal bleeding reported from primary care in this study is 4%. The similarity between these figures suggests that the importance of postmenopausal bleeding has been recognised by GPs, and that most, but not all, patients are being referred for investigation. This fits with a recent article suggesting that two-thirds of women with postmenopausal bleeding were referred immediately, although it does leave the question of why the other one-third were not. 23 Only 63% of women in the present study with uterine cancer had any record of abnormal vaginal bleeding, similar to the 66% reported in a large Danish secondary care study. 5 An association between diabetes and uterine cancer has been reported before and with a similar strength to the association with a raised glucose found in the present study. 24 Finally, a raised platelet count has been reported in primary care studies of lung, and pancreatic cancer, 25, 26 as well as secondary care studies of ovarian cancer.
27
Implications for practice and research This study identified other significant symptoms for uterine cancer. Arguably, the main value of the results is these other symptoms, which may allow earlier identification of women with uterine cancer, particularly when the symptoms are multiple. Two combinations were notable: haematuria together with anaemia or vaginal discharge. The PPV for both of these is >2% in women aged ≥55 years. It was not possible to tell in this study whether the recorded haematuria was a true symptom, or misattributed vaginal bleeding. However, this is an important clue for GPs: women describing haematuria may not be at risk of having a urological cancer, it may be gynaecological.
A further point is that publishing the risks of uterine cancer in this form does not mandate GPs referring all women with one of the features in Figure 2 . GPs can and do use such clinical decision support to reassure when the risk is low, as well as to investigate when the risk is higher. This was demonstrated in the authors' study of similar colorectal and lung tools. 28 Other European countries have better outcomes from uterine cancer than the UK. 3 Some of this may reflect earlier investigation of symptomatic women. The data presented in this study may guide GPs in the selection of women for urgent investigation. Although other methods of definitive diagnosis, such as biomarkers, may emerge in this field, these will still require selection of patients for testing and should probably use these results. This study provides primary care evidence for the forthcoming revision of the UK NICE referral guidance. 
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